Chloroplasts were isolated from triazine-sensitive and triazine-resistant biotypes of common groundsel (Senecio vulgaris L.), common lambsquarter (Chenopodicm album L.), and redroot pigweed (Amarathu retrojexus L.). Chloroplast lipids were extracted and analyzed for differences among sensitive and resistant biotypes. (2) and Pfister et al. (9) have recently reviewed studies which provide evidence defining the mode and site ofaction oftriazine herbicides as well as the mechanism responsible for herbicide resistance.
ogalactosyl diglyceride and phosphatidyl ethanolamine and lower proportions of digalactosyl diglyceride and phosphatidyl choline than did chloroplasts from susceptible biotypes. Monogalactosyl diglyceride and phosphatidyl ethanolamine were also quantitatively higher in membranes of resistant versus susceptible biotypes. The major lipid classes of resistant chloroplast membranes contained lipids comparatively richer in unsaturated fatty acids with the exceptions of digalactosyl diglyceride from all three biotypes and phosphatidyl ethanolamine from common groundsel. Results correlated changes in triazine sensitivity with qualitative and quantitative differences in the lipid composition of chloroplast membranes.
Induced biological resistance to triazine herbicides was first reported by Ryan (13) in 1970. He reported that atrazine and simazine no longer controlled common groundsel (Senecio vulgaris L.). At least 10 species of triazine-resistant biotypes have now been collected in North America and Europe. Arntzen et al. (2) and Pfister et al. (9) have recently reviewed studies which provide evidence defining the mode and site ofaction oftriazine herbicides as well as the mechanism responsible for herbicide resistance.
Extensive evidence suggests that the triazine herbicides inhibit PSII; specifically, the secondary electron carrier on the reducing side of PSII (called B) has been proposed as the target site for these compounds.
The developed resistance to triazines is apparently related to alterations at the target site. Arntzen et al. (2) and Pfister et al. (9) suggest that triazine resistance of both intact plants and isolated chloroplasts of common groundsel is based upon a minor modification of a protein in the PSII complex responsible for herbicide binding. This change could result in a specific loss of herbicidebinding capacity.
In addition to the herbicide-binding protein, the proposed model for the PSII complex consists of light-harvesting and reaction center pigments, specific enzymatic proteins, and a chain of electron carriers localized within the chloroplast thylakoid membranes. Thus, ordered interactions ofproteins, pigments, and lipids would be required for functional activity of the complexes. The present studies compared the lipid composition of chloroplast membranes from weed biotypes differentially sensitive to triazines. The purpose was to focus on the mechanism ofherbicide resistance and, in addition, to characterize one of the major membrane components possibly influencing the functioning of the PSII complex.
MATERIALS AND METHODS
Seeds of common groundsel, common lambsquarters (Chenopodium album L.), and redroot pigweed (Amaranthus retroflexus L.) germinated in flats containing Jiffy Mix' (Jiffy Products of America, West Chicago, IL) in a growth chamber with a 16-h photoperiod in which day temperature was 27 ± 1 C and night temperature was 21 ± 1 C. Flats were kept moist with tap water. After two weeks, healthy seedlings were transplanted into individual pots (95 x 95 x 85 mm) and were grown in a greenhouse with an average temperature of 27 ± 1 C night. Four-week-old plants were used for isolation of chloroplasts.
Isolation of Chloroplast. Chloroplasts were isolated essentially according to the procedure of Nakatani and Barber (8) . Isolated chloroplasts were intact, as judged by ferricyanide reduction. Chl was determined by the method of Arnon (1) .
Fatty Acid Analysis. Lipids were extracted and recovered from lypholized chloroplasts, according to the procedures of Folch et aL (6) . Polar lipids were separated from nonpolar lipids by the rubber membrane dialysis method of Bottcher et aL (4) . Free fatty acids were separated by washing the nonpolar lipids with 25 to 30 ml of 0.05 N KOH. The polar and nonpolar lipids were saponified with alcoholic KOH, and methyl esters of the resulting fatty acids were prepared with boron-trifluoride in methanol for gas chromatography, as described (14) .
Isolation of Glycolipids. Known amounts of polar lipids were separated by TLC on silica gel G using ethyl acetate-isopropanolacetic acid-water (30:60:6:1.5; v/v/v/v) as the developing solvent.
MGDG2 and DGDG were located by visualization with iodine vapor and identified by cochromatography with authentic standards. After evaporation of the iodine, appropriate bands were removed and the galactolipids were extracted from the silica gel with chloroform-methanol (2:1; v/v). The silica gel was removed by centrifugation, and the galactolipids were saponified as described previously.
Isolation of Phospholipids. Phospholipids were separated from total lipids on a silicic acid column (12 acids of phospholipids were determined as described previously. Data were statistically analyzed using a t test.
RESULTS
Total chloroplast lipids from atrazine-resistant and atrazinesusceptible biotypes were initially separated into free fatty acids, nonpolar lipids, and polar (membrane) lipids. The polar lipids comprised the major portion of the total chloroplastic lipids in the three species tested (Table I) . Chloroplasts from resistant biotypes contained a higher portion of polar lipids, compared to chloroplasts from susceptible biotypes. The polar lipids from chloroplasts of resistant biotypes contained higher proportions of MGDG and PE and lower proportions of DGDG and PC than did chloroplasts from susceptible biotypes. Polar lipids, MGDG, and PE were also quantitatively higher in membranes of resistant chloroplasts than they were in susceptible chloroplasts.
Fatty acid composition of the major lipid classes also differed in chloroplasts from atrazine-resistant and atrazine-susceptible biotypes (Table II) . Resistant chloroplast membranes contained lipids comparatively richer in unsaturated fatty acids than susceptible membranes, with the exception of DGDG for all three biotypes and PE from groundsel.
All classes of chloroplast lipids from atrazine-resistant (R) biotypes had a higher relative proportion of linolenic acid to linoleic acid than did atrazine-susceptible (S) biotypes, except for DGDG from redroot pigweed (data not shown). The ratios of MGDG to PL were: groundsel, R 1.91, S 1.28; lambsquarter, R = 2.38, S = 2.15; and redroot pigweed, R = 2.48, S = 1.89.
DISCUSSION
Resistance to the triazine herbicides, unlike differential sensitivity between crop plants and weeds, cannot be explained on the basis of differential uptake, translocation, accumulation, or metabolism of the triazines or by differential chloroplast membrane permeability among biotypes (10, 11) . Resistance seems to be due to the differential function of the chloroplasts as related to the inhibition of the Hill reaction by triazines (2, 9, 10, 11 
LIPIDS AND TRIAZINE SENSITIVITY
We previously correlated a relatively high proportion of membrane-bound linolenic acid to linoleic acid with enhanced resistance to low temperature stress (14) . Our While our data cannot be interpreted to indicate whether or not lipid changes are directly involved in the resistance trait, they may prove useful in continuing studies on the interaction between proteins and lipids in the functioning of the PSII complex.
